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Abstract 
We have studied the optimal deposition conditions for the production of low-oxygen-content Zinc nitride films (ZnON) by 
Pulsed Laser Deposition (PLD). In particular, substrate temperature has been varied between 100 and 500 ºC. The film 
properties, particularly its morphology, showed a strong dependence on substrate temperature. Substrate temperatures beyond 
350ºC led to highly crystalline and smooth films with a band gap of 3.32 eV and with resistivities ranging from 10-2 to 100 Ωcm. 
Film quality and surface oxygen content changed rapidly with exposure to air as evidenced by XPS analysis.   
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1. Introduction 
Zinc Nitride (Zn3N2) is a group II-V compound semiconductor with cubic antibixyte structure, with a lattice 
constant of a = 9.78 Å [1]. In recent years it has drawn the attention of several research groups since it is a 
promising semiconductor to use in various electronic and optoelectronic applications (photovoltaic, sensors, TFTs, 
for example) owing to low cost and ecological friendliness.  
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The deposition of zinc nitride by Pulsed Laser Deposition (PLD) has not yet been extensively studied, to our 
knowledge, it has only been produced by S. Simi et al. [2] and recently by our group in a RF-plasma-assisted 
process [3]. 
There is consensus on the n-type nature of the films with typical electron mobilities of up to 100 cm2V−1s−1 [4]. 
However, large discrepancies are reported for the optical band gap values which range from 1.01-1.47 eV [5] to 3.2 
eV [6]. Moreover, oxygen contamination has been reported as a common zinc nitride production issue, with 
interference of various compounds like ZnO, zinc oxynitride (ZnON) or Zn(OH)2 structures [7]. These two factors 
will be important during the discussion of the properties of PLD-deposited films. 
2. Deposition Conditions 
Zinc oxynitride films were prepared by Pulsed Laser Deposition (PLD) in UHV stainless steel chamber. A 
metallic zinc target (99.9999 % purity) was ablated by the green line of a Q-switched Nd:YAG laser (wavelength 
532 nm). The frequency and duration of the pulses were set to 10 Hz and 5 ns, respectively. Deposition was done on 
different substrates under Nitrogen (N2) atmosphere at a constant pressure of 0.2 mbar and the temperature was 
varied in the range 100-500 ºC. The film thickness was typically 150 nm, and the deposition time 2 hours. 
 
Fig. 1. Zn plasma plume expansion in nitrogen background gas. 
 
Fig. 2:  (a) Smooth film surface as seen by SEM, (b) Enlargement showing grainy morphology at a 20-40 nm level. 
3. Film Morphology 
The film morphology, its electrical conductivity, and the optical properties depend to a large extent on substrate 
temperature during deposition. Figure 2 shows the morphology of a film deposited at low and high magnification: 
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the apparently smooth surface (a) does in fact contain a fine-grained structure (b) with a grain size of 20-40 nm. 
When comparing the morphology of films deposited at different substrate temperature we observe a decrease in 
grain size with increasing temperature, as shown in Figure 3 for 200 and 400 ºC. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Film morphology at (a) 200 and (b) 400 ºC, showing decreasing grain size with increasing temperature. The magnification is the same in 
both SEM images. 
At low substrate temperatures we observed a large number of particles, with size up to several microns, on the 
film surface. This is a well-known problem encountered in PLD processes. At high temperatures no such 
particulates were detected. 
A possible explanation of the origin of such particulates can be suggested by considering that particles are formed 
when zinc target atoms or aggregates travel trough the space between the substrate and the target, which is filled 
with nitrogen, and their surface suffers nitridation forming Zn-N bonds. However, the inside is still purely metallic 
zinc upon arrival on the surface of the growing film. As the deposition temperature rises, it causes the melting of the 
particles and their homogeneous distribution across the film surface.  
In addition, the particles that reach the substrate, but are not deposited on it, might cause pinholes on the film 
surface. This effect, too, is diminished with a higher surface temperature since the film structure is able to 
reorganize itself and thus fill the pinholes. 
Fig. 4.  Temperature dependence of electrical resistivity. 
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4. Electrical and Optical Properties 
Figure 4 shows the large variation of the resistivity as a function of the substrate temperatures. The curve has its 
maximum at 350 ºC. This behaviour may be explained by the different ratio metal/semiconductor in the film.  
Furthermore, the resistivity variation with the temperature is consistent with the crystallite size variation as 
determined by XRD and as evidenced by SEM microscopy above. Films with lower crystal sizes generate a higher 
number of potential barriers which reduce current flow through the film. 
High resistivity is beneficial, for example, in the application of oxynitride film in thin film transistor structures, 
as discussed below. 
4.1. Optical properties 
We will first look at the optical absorption spectra as obtained through Beer’s law via transmission measurements 
and extract the band gap values. Then we can compare the result to spectral ellipsometry data. 
Figure 5 gives the transmission spectra of an ATO-coated Coring glass substrate (aluminum-tin-oxide) and a zinc 
oxynitride deposited on such substrate. The Tauc plot (not shown here) led to a band gap value of 3.32 eV. 
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Fig. 5.  Optical transmission of  zinc oxynitride deposited on ATO-coated glass. 
This result is consistent with low-temperature photoluminescence measurements performed under HeCd laser 
excitation (325 nm). The excitonic transition seen at 4.2 K in ZnON appears at 3.359 eV, while this value is 3.367 
eV for a pure ZnO film, both deposited by PLD with comparable deposition conditions. The width of the PL peak 
was about 5.2 meV [8]. 
Fig. 6.  Spectral ellipsometry analysis. (a) Psi (<) and Delta (') spectra. (b) Refractive index below the band gap. 
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Figure 6 shows the results from spectral ellipsometry measured at room temperature. The data was fitted to a 
double Tauc-Lorentz model (TL2) and gave the following fit values: Band gap 3.03 eV, first resonance at 2.42 eV, 
second resonance at 3.32 eV, interface layer thickness (between glass substrate and ZnON) of 30 nm, surface layer 
thickness of 44 nm. The interface and ZnON surface layer were defined as 50% void-rich zinc oxynitride material. 
The variation of the index of refraction from 2.4 near the optical band gap down to 1.8 in the near infrared region 
is well described by the usual Sellmeier formula, supporting the validity of the chosen TL2 model. 
The band gap value from ellipsometry is certainly lower than the Tauc gap. This hints to a significant 
contribution to optical absorption by an Urbach-type subbandgap shoulder. The origin of such tail could be 
explained by the granular structure as seen in the SEM micrographs above. 
4.2. Field-effect transistor 
We have used such oxynitride films in simple field-effect transistor structures by evaporating source and drain 
contacts on top of the film (see Figure 7). As we already had observed for ZnO layers in such FET structures, the 
transfer characteristic did not follow the ideal square-root gate voltage dependence (see Figure 8) which we had 
attributed to a high density of interface defect states. Charging and discharging of such energy levels during the gate 
voltage sweep will lead to the observed shape [3]. 
 
Fig. 7.  Bottom-gate field-effect transistor layout with (a) ATO or (b) AlN dielectric layers. (S and D denote source and drain contacts, 
respectively.) 
 
Fig. 8.  Transfer characteristics of FET structures deposited on ATO dielectric layer at 400 and 450 oC. 
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The observed threshold voltage shift is high (and negative) for the FET prepared at 450 ºC. The value is -1.8 V at 
400 ºC, which means it improves at lower temperature. The sub-threshold voltage swing is 3 V/decade. 
We also tested AlN as the dielectric gate layer, but we observed higher gate leakage currents for those FETs. 
4.3. Persistent photoconductivity effect (PPC) 
Using the source-drain contacts we could also observe what is called the persistent photoconductivity effect. 
Such behaviour is shown in Figure 9, where we illuminated the oxynitride film with UV light for increasingly long 
intervals. The subsequent current decay was quite slow with typical decay time constants of 10 to 60 seconds. 
Such effect can be attributed to changes in the Fermi level position on grain boundaries during illumination due 
to trap filling [9] of defects located on grain surfaces. With time the charges will be reemitted and slowly the initial 
source-drain current is re-established. 
Fig. 9. Persistent photocurrents (PPC) observed after UV excitation in the source-drain channel of a FET structure. 
5. Oxygen Contamination 
Film composition was obtained from XPS measurements. This technique is particularly sensitive to the film 
surface (within about 4 nm). Four main elements were found in this analysis: Carbon, Oxygen, Zinc and Nitrogen. 
The presence of Carbon is justified by the typical surface contamination due to atmospheric ambience. High Oxygen 
concentration can also be due to high reactivity and/or exposure to air. Usually, a low percentage of Nitrogen was 
detected. Results for two temperatures are given in Table 1. 
 
Ts  Composition (%) 
(ºC) C O Zn “N” 
300 19.1 40.1 36.6 4.2 
400 27.4 47.7 22.3 2.6 
Table 1. Detection of film composition from XPS analysis. A high oxygen content is observed at the film surface. 
6. Conclusion 
Zinc oxynitride films (ZnON) were grown by Pulsed Laser Deposition (PLD). Best films were obtained at a 
deposition temperature of 350 ºC. The green line (λ=532 nm) of the Nd:YAG laser was employed for target 
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ablation. The film composition was measured by EDS and XPS, with low sensitivity and hence low precision for 
nitrogen content.  
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